In the previous studies, approximate solutions 
Introduction
The implementations of simulation for a water quality model by using the numerical method become more interesting. This is due to several properties of the water quality model can be examined via the simulation. Actually, there are several numerical methods such as finite element, finite difference, finite volume, and boundary element methods, which can be considered to solve the mathematical equation. In fact, each of numerical methods will lead their own approximation equations, which generated systems of linear equations.
Apart from obtaining linear systems, many researchers have proposed several direct and iterative methods to solve any linear systems. For instance, Ruggiero and Galligani [5] have introduced the Arithmetic Mean (AM) method, which is categorized as the two-stage iterative method. Other two-stage iterative methods include AGE (Evans & Sahimi [3] ), IADE (Sahimi et al. [6] ), RIADE (Sahimi & Khatim, [7] ), and HSIADE (Sulaiman et al., [8] ). In 2004, however, the Full-Sweep Arithmetic Mean (FSAM), known as the standard AM method, has been modified by Sulaiman et al. [9] via combination between the concept of the Half-Sweep iterative (Abdullah [1] ) and the AM iterative methods and then called as the HalfSweep Arithmetic Mean (HSAM) method. Further studies on the HSAM have been conducted, see Sulaiman et al. [10] and Sulaiman et al. [11] . Besides the HSAM method, Sulaiman et al. [12] have also initiated the Quarter-Sweep Arithmetic Mean (QSAM) method in solving one-dimensional diffusion equations.
In this paper, however, we investigate the application of the QSAM method using the QuarterSweep Crank-Nicolson (QSCN) finite difference scheme in assessing a water quality model. We will start our paper by describing some brief introduction on methods and equations that govern the problem. In the following section we describe the proposed approximation. The latter section of this paper will discuss the formulations of the FSGM and HSGM methods. To indicate the effectiveness of the HSGM method, some numerical simulations will be shown in the fourth section.
To begin the derivation, let us consider a water quality model given as
where,
The model in Eq. (1) is subject to the initial condition
and the boundary conditions
In order to implement quarter-sweep iteration, we need to derive full-, half-, and quarter-sweep finite difference equations together for problem (1) . In this paper, however, we will restrict our next discussion on uniform node points only. Therefore, assume that the solution domain (1) can be uniformly divided into m = 2 p , p≥ 2 and R subintervals in the x and t directions. The subintervals in the x and t directions are denoted Δx and Δt respectively, which are uniform and defined as
Quarter Sweep CN Finite Difference Approximation
Referring to Figure 1 , the finite grid networks need to be built in order to facilitate us for the distribution of uniform node points and implementing the full-sweep and half-sweep iterative methods. Actually both iterative methods will be used to compute approximate values at node points of black type only until the convergence criterion is satisfied. Then solutions of the other remaining points are computed directly, see Abdullah [1] , Ibrahim and Abdullah [4] , Yousif and Evans [13] , Abdullah and Ali [2] .
By using the θ weighted scheme, the general approximation equation for problem (1) 
(c). ( )
, and
, respectively. In this paper, the FullSweep and Half-Sweep CN schemes, which are denoted FSCN and HSCN respectively, can be represented in the following equation
where, The values of p, which correspond to 1, 2, and 4, represents the full-, half-, and quarter-sweep cases respectively. Thus, the computational molecule for Eq. (4) is shown in Figure 2 and the corresponding system of linear equations can be generally stated as
Implementation of Quarter Sweep Arithmetic Mean Algorithm
As mentioned in the first section, there are three AM methods such as FSAM, HSAM, and QSAM methods will be studied. Actually, all three AM methods can be classified as two-step iterative methods. To formulate these methods, let the coefficient matrix, A in Eq. (5) be decomposed as
where L, D , and T are the lower triangular, diagonal and upper triangular matrices, respectively. Thus, the general scheme for all three AM methods is defined by ( see in [5] , [9] , [12] )
where r, k and I represent an acceleration parameter, the number of iterations and an identity matrix respectively. Then, the implementation of these methods can be described in Algorithm I. 
In practice, the optimal value of r will be determined by implementing some computer programs in which its number of iterations is the smallest. Algorithm I is implemented at level (1) and level (2) alternatively until the specified convergence criterion is satisfied. Then the Full-Sweep Gauss-Seidel (FSGS) method will be considered as the control of comparison of numerical results.
Some Numerical Simulations
In this section, some numerical simulations have been carried out to validate the effectiveness of the QSAM method using the QSCN finite difference approximations equation in (4). In comparison, there are three parameters considered in numerical comparison such as number of iterations, execution time and maximum absolute errors. The following is a water quality model stated as
Boundary conditions and the exact solution of the problem (8) 
Conclusions
From the observation of numerical results in Table  I , Figures 3 and 4 show that the number of iterations for the QSAM amd HSAM have reduced approximately 72.57 -73.58% and 47.78 -48.61% respectively as compared to the FSAM method. Whereas the execution time for the QSAM and HSAM have also declined approximately 73.58 -90.94% and 57.14 -64.62% respectively. Overall, it can concluded that the QSAM method is superior as compared to the FSAM and HSAM methods in terms of the number of iterations and execution time. This is due to the computational complexity of the QSAM method as one quarter of the FSAM method. In terms of accuracy, however, the approximate solutions for all three AM methods are in good agreement. 
